In addition to the classic retroviral gag, pol, and env genes, human immunodeficiency viruses (HIV) encode six regulatory and accessory genes: tat, rev, vif, vpr, nef, and vpu/vpx (see references 5, 6 , and 44 for reviews). The regulatory genes tat and rev, as well as nef, are expressed as multiply spliced viral mRNAs early in infection (7, 10, 11, 21, 31, 33, 34) . The expression of the unspliced and singly spliced mRNA species that encode the viral structural proteins Gag and Pol and envelope and other accessory proteins in the later stage of virus infection is dependent on rev function (7, 10, 11, 15, 17, 25, 41) . The interaction of Rev and its specific target RNA, the Rev response element (RRE), apparently overcomes the repressive effects of cis-acting elements (INS or CRS) contained in these larger mRNA species that have been purported to trap mRNA in the nucleus, destabilize the mRNA, or prevent it from association with polysomes (8, 10-12, 17, 18, 23) . Recently, it was shown that cis-acting sequences from some other viruses (e.g., the type D viruses simian retrovirus and MasonPfizer monkey virus) can substitute for Rev/RRE function (3).
The vif gene of HIV is essential for infection of certain cell lines and primary cells as well as establishing infection in vivo (9, 13, 14, 16, 20, 24, 30, 32, 37, 42) . Vif is expressed as a cytoplasmic protein in infected cells from a singly spliced mRNA (35) . As such, it is classified as a late gene product since its expression is Rev dependent (15) . However, it is possible to express HIV-1 vif in the absence of Rev in heterologous constructs, suggesting that this gene itself does not contain inhibitory sequences. Here, we report the identification and mapping of an inhibitory sequence in the vif gene of HIV-2. We observed that the expression of HIV-2 vif was completely repressed in the absence of Rev and that the inhibition could be partially overcome by RRE-Rev interaction. Figure 1A depicts the various plasmid constructs with vif and/or the chloramphenicol acetyltransferase (CAT) reporter gene. The cloning strategies are described in the figure legend. The subscripts r or ␣-r denote constructs in which the RRE was cloned downstream of the Vif gene at the ApaI site of the pCCV plasmid in the sense or antisense orientation, respectively. For analysis of Rev-dependent gene expression from these constructs, we transfected the plasmid DNA into HeLa cells in the presence or absence of a rev expression plasmid (prev). Forty-eight hours posttransfection, the cells were lysed and CAT activity was estimated for each of the cell lysates. Figure 1B presents results that demonstrate that CAT expression in vif-containing constructs was Rev dependent. CAT activity directly under the control of the cytomegalovirus promoter was high regardless of rev. In contrast, CAT activity from the pCCV plasmid was completely inhibited, suggesting that the vif sequences contained inhibitory sequences. Coexpression of rev restored CAT activity only when RRE was inserted downstream of the vif gene in the sense orientation, indicating that RRE-Rev interaction is required to overcome the inhibitory effect conferred by the INS sequences in HIV-2 vif. No Rev-dependent enhancement in CAT activity was observed in the absence of RRE or when RRE was placed in the antisense orientation, in agreement with previous observations that RRE functions only in the sense orientation within a transcription unit (12, 23) .
As shown in Fig. 2A , the activation of CAT expression from pCCV r by Rev was dose dependent with respect to input of prev cDNA. A steady increase in CAT activity was observed in the presence of increasing amounts of the rev expression plasmid, with an eightfold increase in activity at 1 g of prev DNA versus 0.05 g. No activation was observed for pCCV ␣-r , even at 1 g of prev. We next investigated whether the increased CAT activity was also reflected at the levels of RRE and vif-containing CAT mRNAs. On the basis of sequence comparison (26) only a 3Ј splice acceptor for the Vpx exon should be present in our construct. We isolated total RNA from HeLa cells transfected with the plasmids shown in Fig. 2A . Northern (RNA) blot analysis demonstrated that pCCV-transfected cells did not express CAT mRNA, with or without prev (Fig. 2B) . In pCCV r -transfected cells, a steady increase in CAT mRNA expression was observed in the presence of increasing amounts of cotransfected prev cDNA. Thus, the increase in mRNA levels was comparable to the increase in CAT activity shown in Fig. 2A . These results are consistent with the function of Rev in upregulating the steady-state levels of INS/RRE-containing mRNAs (22, 27, 36) . Furthermore, we detected only a single dominant transcript at 1.7 kb, consistent with the size of the unspliced CAT mRNA. There was no evidence of spliced CAT mRNA.
In order to further localize the INS sequences within vif, we utilized the deletion mutants shown in Fig. 3A . pCCV⌬42, pCCV⌬102, and pCCV⌬267 are constructs that contain 42, 102, and 267 nucleotides (nt) truncated from the 5Ј coding region of vif, respectively. pCCV⌬(108-423) contained a deletion of nt 108 to 423 in vif, and pCCV⌬(347-423) contained a deletion of nt 347 to 423. Finally, pCCV ch (108-423) contained a substitution of the corresponding HIV-1 vif sequence into pCCV⌬(108-423). All these mutations were constructed by PCR amplification of the deleted vif gene with suitable synthetic oligonucleotide primers and insertion of the amplified sequence downstream of the CAT gene. One set of constructs also contained RRE sequences in a sense or antisense orientation. We transfected these plasmids into HeLa cells with or without prev. Forty-eight hours posttransfection, the cells were lysed and CAT activity was estimated for each cell lysate. The expression of CAT from the pCCV⌬42 plasmid is 245 fold higher than that from pCCV, and the addition of RRE and rev did not increase activity, indicating that the first 45 nt constitutes a critical determinant of the INS. Constructs containing the larger deletions (⌬102 and ⌬267) also expressed CAT constitutively. The inhibitory effect exerted by the pCCV⌬42 deletion mutant is weaker than that exerted by the deletion mutants pCCV⌬102 and -⌬267; this phenomenon could be due to the confirmational change in vif RNA resulting from the larger deletion. In most cases, insertion of RRE reduced CAT activity, probably because of the INS/CRS elements contained within the RRE sequence, but cotransfection with prev relieved the inhibition. Interestingly, considerable CAT expression was detected from pCCV⌬(108-423) and from pCCV ch (108-423), suggesting that nt 108 to 423 in HIV-2 vif In summary, we have identified and mapped the inhibitory nucleotide sequences within the vif open reading frame of HIV-2. These sequences are not associated with known splice sites or with RRE. The inhibitory effect can be partially overcome by RRE-Rev interaction. RRE-Rev interaction has been previously shown to be able to overcome the inhibitory effects of INS/CRS elements contained in gag, pol, and env sequences of HIV-1 and HIV-2 or SIV by interfering with pre-mRNA splicing, facilitating nuclear export of RRE-containing RNA, conferring mRNA stability, and/or increasing polysome association in the cytoplasm (8, 10-12, 17, 18, 23, 27) . Recently, a cis-acting repressive sequence which overlaps the RRE of HIV-1 has been shown to regulate the nuclear retention of env mRNAs (4). RNA-destabilizing sequences have also been identified in the mRNAs of some cellular genes. Previous studies implicated an AU-rich region present in the 3Ј untranslated regions of c-myc, GM-CSF, and c-fos in inducing mRNA lability (19, 29, 38, 40, 43, 45) . Recently, it has been shown that the c-myc coding region also contains a determinant of mRNA instability (46) . This mRNA instability could be due to rapid deadenylation at AU-rich regions (39) . However, the consensus AUUUA pentanucleotide element present in growth factor-inducible genes and oncogenes (19, 29, 38, 40, 43, 45) has not been found in either HIV-1 gag (35) or env (27) or HIV-2 vif (Fig. 4) , indicating that retroviral mRNAs have novel labile sequences different from cellular mRNA sequences. We showed that the presence of vif sequences severely decreased the steady-state levels of the expressed mRNA (Fig. 2B) . It is possible that cytoplasmic factors may bind to these instability sequences and catalyze RNA turnover. The cellular mechanisms that control mRNA stability are not adequately known. Nonetheless, mRNA instability appears to be a critical regulatory event that controls viral gene expression.
HIV-1 mutant viruses defective in vif can be complemented in trans by an unlinked vif gene (42) . Several HIV-1 vif expression vectors have been constructed for such trans complementation studies between homologous and genetically heterologous strains of HIV-1 (2, 37, 42). The success of these studies indicates that HIV-1 Vif proteins can be expressed in mammalian cells in the absence of RRE-Rev. However, such is not the case with HIV-2, as shown in our present study. Elucidating the distribution and regulatory role of INS would aid in our understanding of the possible mechanisms for virus latency. For HIV-1, vif is expressed primarily from a singly spliced mRNA and is therefore Rev dependent (35) . Although earlier studies proposed the existence of a multiply spliced E2A mRNA species, which could potentially encode Vif (1, 33) , subsequent studies showed that this E2A mRNA is unlikely to be expressed (35) . In contrast, the HIV-2 vif splice site A1 is frequently used and could give rise to the E2A and 2A multiply spliced mRNAs which encode Vif (15, 35) . In this context, the presence of INS sequences within vif may ensure that expression of Vif will still be Rev dependent for HIV-2. VOL. 69, 1995 NOTES 5169
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